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Major  DepartBMnC!  Chettlecry 

Synthetic  sad  structural  studies  of  Rallliia(IlI>  coardinscion 


sulphur  distance  is  2.135(3)  A.  The  conplex 


tria (acetylaceconoco)galllua(lll) 

Ui  chase  nearly  Ideal  octahedral  complesea  are 
X respectively.  The  scetylaceconates  of  galllusi(IZl) 


:1s (H.N-dlethyldethlo- 


The  crystal  and  ooleeular  structures  of  trlsfthlenylcrlfLuoro* 

and  cris(d-Bechylplcollaato)galllua(III]  have  been  deteralned  and  the 

Static  effects  cscse  ligands  in  Che  sane  coaplex  Co  distort  dlfferencly 

attributed  Co  the  eialntenance  of  elecccoaeutrsllty  on  Che  netsl. 

cerpyrldyl)lndium(III)  and  thellluniCllI)  1 

ctichlorc(2,2\2' ’-tecpycidyl)gsllluia(Ill) , one  seoe  Che  effocc  of 
Incroasing  eecal  slae  in  an  Isomorphcua  and  cheolcally  alniler  eerles 

the  cryeCal  end  isolecolar  eccuccure  of  chlorobis(2-iBethyl-6- 

exoBple  of  a crlgonal-bipyTaeldal  BaUluofin)  conplex  characterized  by 

and  the  chlorine  and  two  oxygen  acosa  in  the  equitorial  posiciona.  The 

pyridyliBechyl]selne}galliiuD  (III)  I chloride  monohydrace. 


of  colculaCloTi.  oxcept  when  the  netel  lies  on  the  line  joining  the 

Theee  factors  ahooLd  be  checked  and  quoted  when  one  calculates  twist 


Selected  Physical  Properclea  of  che  Croup  llIA  Eleaents 


Electronegativity 


chlorides.  Callane  is  a aoleculor  diiaec  slnilar  co  dlbocane,  while 
aluBlouoi  end  Indian  hvdrides  are  polynsric.^^  Slnllacilr,  gslLlun 
erlehlorlde  erlate  In  cho  solid  stace  o9  CsjClg,  a noleculsr  diner. 
AluBlnun,  Indlun  ,wd  thallluffl  trichloride,  by  concrasc,  axist  as  ionic 

has  been  alow  to  develop.  Thia  dsarch  of  activity  was  due  Co  a variety 

reduction  of  Tt<llT),  ill)  the  hydroscopic  nature  of  noac  At(IIl)  coaplexes 
and,  iv)  the  lack  of  speccroecapic  cechniqoea  for  studylne  these  conplexea. 

lore  actention.  flimultaneoualy,  cl 
.r  technoloxy  made  both  gallluoi  and  indii 

of  sophlaticaced  spectroscopic  methods  with  which  cl 

The  fleet  cnordlnacioa  complex  of  galllunflll)  to  be  synthealeed 
was  the  trie  acetvlacetonate.^*  Horgan  and  Drew  were  able  to  prepare 

asnple  of  cha  pure  necal  to  Cllbert  Morgan.  DeJepine  later  prepared 


.XA  cbenistry  in  general 

uo  Bvalleble  at  a 


of  SflLlium(Ill)  CO 


prepared  aeveral  axiaaces  and  aubaclcuced  oj 

decadea.  Greenwood  and  coworkecB  have  acodied  excenalvely  galliuB(Zll) 
halide  coBpLexes  and,  co  a leaaer  degree,  gallane  and  organogaLlluB 

cheae  acodlea,  a aioderare  number  of  cooplexea  are  known, 

BOluclon,  il]  an  appropriace  aolvenc  may  he  unavailable  and  111)  Che 


ly  dfffrdcElon 


cbe  superior  nechod.  1C,  Coo,  however,  suifere  a cercalo  dravback, 


occahodral  eonoaerlc  complex.  Palartlk  and  coworkera  have  alao  aoLved 
Che  ocrjccurea  of  GaCtj'd.Z’  - l>lpyrldyl)‘®  and  SaCtj- (2,2' ,2"- 
cerpyrldyl)-*^  The  fonaar  la  the  Ionic  apeciaa  cla-dichlorobla (2,2-'- 


blpyrlttyD^alliuRClIl)  cecrachlcrojiRlLace,  while  the  Utter  Is  a tcana- 
aetahedral  species.  Tetrahedral  and  octahedral  seen  to  be  the  preferred 
eeoBiecrles  for  sallluodll) . 

their  otnicturos  studied.  The  first  type  is  represented  by  Inl^fdliDechyl- 
auipboslde^^^  which  Is  eia-diledocecraklsidUaechylsulphoxlde)  indtueflll) 

pcncaacchyicnedlchlocarbaesee.^^  dioethyldlthlopheephinsee^^  and 

coordinate  enecies.  it  is  Interesting  to  note  that  alutainuB  and  indiuni 
easily  form  five  coordinate  species,  while  gallium  forma  only  four  or 

of  coordination  polyhedra.  Furthermore,  galilundll),  by  virtue  of  its 

elmnenta  of  Che  nroup.  In  order  to  understand  more  about  galllum(llll 'a 
unifiueness  and  sinillarity  in  group  IIIA,  this  study  has 


GaLIIub  trichloride,  galjlura  n* 


:ke,  A.C.Sucbe,  Switzerland. 


gee.  Ocher  cheelcals  end  their  euppllecs  ace  6-hydroxyqulnoIlne,  Floher 

Smith  Chemical  Ca. , Caltsebue,  Ohio,  ecetylacecone,  Hotheaan,  Coleman  and 
Bell,  Norwood,  Ohio;  benzoylacecone,  trlf luocoacetylacecone  end  hcxeEluoro- 

dlechyldlchlocerbomate  trlhydrace,  Aldrich  Chemical  Co,,  Inc.,  Hlloaukee, 


AIJ  solvent*  were  reosent  grade  and  oeed 
■enc,  unlesa  otherwise  specified.  Infroced  epeetrs  were  recorded  on  s 
hecbsen  lR-10  epeccroaecer  ss  nujoL  etuljs.  Wer  spectre  were  recorded  on 


ss  so  InCernsl  srenderd.  Hass  spectra  were  racordei 
epeecroaecec  with  perCluoiohecoeene  as  a Base  nsrliei 
Perkin  Eloer  bass  epectroBecer.  Melting  polnta  vert 
Temp  Belting  point  apparetus  In  open  csplllarlea  ant 
Micro-analyses  were  done  by  Galbraith  Ubocatorles, 


vodlFlcBtion  of  Carty's 

In  a porcelain  boot  was  pieced 


In  the  oppsretue  shown  ia  Figure  1. 


end  tndliai  trichloride  eublloed  out  of  the  hot  tone.  Wieti  the  reoctlon 
was  coBplece,  the  apparatus  vaa  again  evacuated,  then  seslod  and  aeparated 


kLtde  waa  then  placed  in  pre-velphed  vlali 


Co  this  was  added  acecylececane  (9s,  SOonglee)  prodociiut  an  imaedlate 
white  precipitate.  Diethyl  ether  (100  ml  dried  over  calcium  hydride) 

crystalline  sr 


Trie  face tylscecaoacoleelllkdldn) 

Gallium  trichloride  (l.Kp,  7.30  anoles)  1' 

In  aheoluce  ethanol  (dO  ml).  An  ionediate  white  precipitate  formed 

and  waa  filtered  off.  The  selvonc  wae  atrinped  from  the  filtrate,  leaving 

Trla  facet  vlacetenaco)  tad  lisadtl) 

Indium  trichloride  f 


5 mmolee)  In  dry  methanol  (SO  ml) 

me  light  green  in  coloar.  The  white  precipitate  waa 
Eilcrate,  on  atanding,  produced  large,  clear, 


TrlifehiftpyltrlgluoroacctYlacitonatoltalllunnir} 

Gallium  crlchloride  (l.OOg,  S.7L  {Baalea)  In  dry  ai 
(40  ml)  was  added  to  a hot,  bright  lime  coloured  aolucton  of  chanoyl- 

aod,  vlth  further  heaclnf:,  produced  a tdilte  precipicace  which  wae  filtered 
off.  The  Bolvent  was  then  atripped  frcni  the  fllcrete,  leaving  a roae 
coloured  aolid.  Recryatalliutl  in  from  methanol  gave  well-formed,  plate- 

Tcla(chleoyltrlfluoroacecylacetonato)indlum(TI(l 

vae  added  to  a hoc,  bright  lime  coloured  aolution  of  Chenoyltrlfluoro- 
aceCone  (1.81  g,  8.17  smiolea)  and  aodlun  methylate  (0.44g,  8.2  mmolea) 

atripped,  leaving  a roae  coloured  aolid.  Reoryatalliaacion  from  methanol 

Trla(crlfluoroacetvlateconaco>talllun(lIl> 

Gallium  trichloride  (0.90g,  5.1  moolea}  in  dry  aoetonitrlle  (SO  ml) 
vaa  added  Co  a hot,  yellow  eolutlon  of  trifluoroacacylacetone  (2.64g, 

(100  ml).  The  aolution  turned  deep  orange  In  colour;  it  waa  Chen  filtered 
and  Che  aolvenc  atripped  from  the  filtrate,  leaving  an  orange  cryecaUlne 
reaidue.  Recryetallleaclon  from  meth.anol  produced  well  formed,  diamond- 


C2B  nl) 

IS  copious  SAOunCB  of  s whits  pceclplcats  wore  oroduceO.  The 
was  fllcsrsd  and  tlis  solvent  stripped  from  the  fllctste,  leovlnft 
le  powder  which  wes  cecrystslllsed  fi 


TrlB(<H  hsntovleethensto)ssIUua(m) 

Gslllun  trichloride  (2.18^,  11.5  sanoles)  Ir 

40.5  oiaioles)  and  sodluo  eechylate  (2.19^,  40.5  nnoles)  In  dry  eethjnol 
(100  nil.  A deep  red  transient  colour  foraed , which  gave  way  to  a hrlfthi 

The  nlxture  was  filtered  end,  upon  standing,  the  flltrete  produced  an 


TrU(tropoUnato)ealllua(ITT) 

Galliuni  nitrate  octahydrate  (Z.lg,  5.1  osaoles)  in  methanol  (SO  al) 

and  sodium  methylate  (O.Bg,  15.2  imiioles)  In  mcchanol  (100  ml).  A white 

Onfortunacely,  the  cryatelB  turned  opapuc  when  ceaoved  from  their  mother 


Erii(o»^lfleo>KalUccfni) 


So4iLRi  hydroxide  (O.lOg,  18  nooles)  In  deionised  water  (12  nl) 

leaDdlately  fominx  a ftoL-Llke  preclpicate.  To  chie  was  added  a freshly 
boiled  solution  of  aesitonlua  oxalete  sonohydrate  (1.22g,  8-60  TBenoles}  and 
oxalic  acid  dihydrate  (1.09  g,  8,60  enolee)  in  deionised  vneec  (25  ■!}. 

precipitate  dissolved.  The  aliphtly  turbid  nixture  was  then  filtered 

etandinp. 


Trie  (h,M^lechyldlthiecefbeeiato)BaHiue(III) 

Gallium  trichloride  (l.OOp,  5.71  moles}  in  dry  acetoxltrile  (SO  ml) 

(1.85g,  17.1  esBoles}  in  dry  acetonitrile  (80  ml).  The  mixture  turned 
dark  grey  end  formed  a white  precipitate  which  was  Ellteced  off.  The 
filtrate,  upon  standing,  produced  well  formed  cubic  cryacals. 

Trla(pyrid lne-H-oxlde-2-chlolatelgalllum(lIl) 

Gallium  trichloride  (1.60g,  9.09  anolss)  in  dry  acetonitrile  (30  ml) 

(4.07g,  27.3  mmoles)  in  dry  methanol  (150  ml),  Copious  amounts  of  a light 
grey  preclpltato  were  produced  imedletely,  ElLcered  off,  vaahed  successively 
with  952  echanol  and  diethyl  ether,  then  dried  in  vacuo. 

Tr  ie(oicollneto)geUlim(lll)monchydrate 

Galllom  trichloride  (2.20g,  12.5  astoles)  in 
was  added  to  a hor  solution  of  pleolinlc  acid  (4 


Mdlun  methyUte  (2.04*,  37,8  moles)  In  dry  mathanol  <125  .1), 
TronslME  red  end  then  yeliou  colours  fotned,  glulog  wy  to  s Umo- 
Rceen  colour  as  a fine,  whlco,  cryscalllne  preciplcsce  was  aeneraced. 
the  Bl*ture  waa  filtered  and.  on  ecandln*.  Che  fllcrate  produced  a 
copious  «.ou„t  of  a white,  fibrous  iiatertal.  Thla  eloctuce  was  allowed 
to  stand  for  two  days,  during  which  clae  the  fibrous  aarerial  dlaaoleed. 
Than  Che  solution  which  foraed  produced  clear,  colourlaas,  plate-like 


Trle(6nathvleleeUnato)aalllu»llll) 


CalUue  trichloride  (l.eOg,  9.M  moles)  in  dry  acetonitrile  use 
added  to  a hot  aolutlon  of  6-mechylplcollnlc  acid  (3.74  g,  27.3  moles) 
and  eoditm  eechylace  (1.47g,  27,2  moles)  in  dry  oechacol  (120  bI). 

An  Imcdlate  white  proclpltete  formed  and  was  filtered  off.  On  coollnp, 
Che  filtrate  produced  clear,  colourless,  cubic  cryacsls. 

Ir.ls(8-hydroaydulnoltnaco)»l  (M  » alisilnu»(lll).  ealllu»(llll . Indluadll)  1 
These  conplexes  wore  prepared  by  rescclng  stolehlonetrlc  aeounts 
of  Che  Becal  ion  In  egueoue  solution  with  S-hydroaydulnolIne  In  952 
ethanol. Imcdictely, bright  green  preclpltetes  formed  which  were  filtered 
off.  washed  succeaslusly  with  951  ethanol  and  diethyl  ether  end  dried 


tyl-8-hTdroaycuinnltnato)aluBinuB(ltt) 

um  trichloride  (t.36R,  10,2  anolee)  In  deionised  uocer  (100  b1) 
and  added  to  a hot  aolutlon  of  2-«ethyl-8-hydco«yqulnoIinol 
6 molee)  In  methanol  (50  ml  to  glue  a fluoreaeent,  yellow- 
ion.  A bright,  yellov-gToon  precipitate  formed  on  the 


addicion  oi 


oilueQUB  sodiuD  sceCBCe  (100  ni). 


(2,198,  15,0  sBolas]  In  dalonized  wacec  (60  nl).  A bright  green  solution 

the  brecibitete  vas  filtered  end  recrvetalllzed  fron  cblDroforta. 

Trie  fl-nethvl-S-hvdroayouloo  Lina  to)  led  lundll) 

distilled  water  (30  el}  was  added  to  a hot  aolution  of  2,eBethyl-8- 

green  preclnitste  which  was  digested,  filtered,  and  recryatalllzed 


ChLq  t obis  (2^e  thy  l-6-hvdroivqulnollnate}gall  load  II) 

Oalllua  trichloride  f0.B2g,  1.7  tnaoles)  li 


I uell  wlch  fomulaCed 

Molecular  welches  were  determined,  where  poeelble, 

slmller  Docal  coaplexee  described  hy  Nekanoco.^^  The  spectra  of 
completes  of  Che  less  conoion  lijtands  (dafatcej^,  CeC2-Soe)j,  Gafpiclj’HjO, 
Ga(b>Mepic)3  and  GoCifl-Meox)^)  are  given  in  Figure  2.  The  yields  in 


T,bl.  3:  (^H)  .p 

atr.  of  chlorofor.  .olubla  compouada  ayathoalz.d 

CoBDOunii 

HuUlolUUv  Araa 

2 

« alalioL  1 

3!  1 

Ga(ttfflcac)j  6 

72  muUfplec 

In(ccfacAc)j  6 

la  BulElplac 

GaCcfacac)^  2 

93  alnluE  1 

Ca(4aiiac)j  2 

' 

,,  ..Ui,... 

Ga(crop]3  8 

2 Biulclplet 

CaCl(2-Haox)2  3 

22  sulclplec  3 

Pljure  2.  The  Intraroil  epcetra  fro*  2000  to  600  ea."*  of ! <a),Go«etc),, 
Cb).  Ga(2-S0K)3,  (c),  GafplcOj-HjO,  (d)  Ga(6-llepU)3,  and 
(o)  GaCtCO-Keoxjj. 


DIFPRACriON  EXPEIUMEMTAL 


The  Eollowine  ^eneraL  descricCian  applies  cc 
axcepc  vhera  eapllclclv  noted  to  the  conetarv  In 


exoerliDenCsl  sections. 

Helesenhare  and/or  precession  nhotoRtaphs.^^'^*  For  Intensity  eensure- 


Syncejt  PI  dlffractoaeter.  All  nessure- 
Fstlmated  standard  deviations 


The  densities  of  the  crvatals  were  detemlned  hy  floatation  in  o 
suitable  liquid,  followed  by  the  neasureaonts  of  the  densities  of  the 

The  Buitahllity  of  o crystal  for  data  collection  was  detemlned  hy 


Intensities  were  eieasured  with  a Syntex  PI  diffractometer  esiploying 


■asnicude  of  a orellJainary  chree-oecond  scan  of  the  reflecClon.  The 
apeed  varies  lloearlv  free  I'/oiinvce  Cor  ISO  courts  or  Less  to  2A*/BlruCe 


'd  deviation,  nCl) , oi 


The  ioeident  bean  was  moeochroBiacised  with  a praphlce  nonochromscoc  for 
molybderua  radiation  or  O.SSnll  Hi  foil  for  copper.  The  acahlllcy  of  the 
syaten  waa  Bonicored  bv  Beaeurlnp  foor  standard  reflections  every  95 


It  any  fluctuations  in  the 
standard  refiections.  (ususliy  '•6X  overali)  and  averaped  accordinp  to 
crvstal  class  synnetry.  The  observed  refiectiors  were  those  where 


- sln26/a  * 


sipn,  assigned  a value  of  ^(I),  and  excluded  from  subsequent  steps 


ScacterliiK  factors  wars  obcaload  Eroci  Hensga,  Meman,  Lea  and  SkillBian^^ 


and  are  uncorrccced  for  Ebe  real  and  l&aalnaiy  parte  oE  the  anoaiaiops 
dlaperalon,  except  thalliim,  vhLch  vaa  corrected  For  Che  real  part  of 


|P(hkl)  |*coB2T0ilHkV+l«) 

Che  heavy  acoe  approximation.  Fourier 

aynthesea  of  Che  Eom 

D(xys)  ■ ^ ZEE  |F(hkl)|coa2irl(hx+ky+lt)-a(hkl)l 


squarea,  nininlaing 


by  leaat- 
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m MOLECULAR  STRUCTURE 
'T  TRISfACETYLACRTONATTDCALLIUHdll)  AND  TRl 
(ACETTLACETnNATOjrMDIUMdlt) 


cypee  of  coordination  conpounda.  For  trlvalent  netal 
Iona,  the  laanoneRatlve  bldoncace  acecyUcetonaCe  Ilaand  uaually  fonaa 
BiolecuLar  apaclea  which  deviate  allRhtLy  froo  octahedcal  avnaecry. 
Cooiplaaaa  oE  thia  type  CH(acac)^;  H - At,^^  Sc,^^  Cc,^^,  Hn,^^ 

linear  telatlonahlp  exlaca  between  metal-oxypea  dlatance  and  laetaL- 

RalLlimCLII)  and  indiundll)  can  be  made.  The  dearth  of  aemccuraL 

dlatance  and  the  effective  radlue  of  gaLIlumdIl) . tn  the  coucae  of 
thla  work,  Kon  and  Pfluaer  publlahed  their  aenjccnral  work  on  Al(acae)^ 

group  IIIA  and  the  atrueturee  of  Rh<acoc>3*^  and  Sc{acac)j^^  that  haua 
boon  aubaeononcLy  reported.  Aa  a reeult  of  theae  conCllcta,  we  undertook 


Structure  of  r^aCacacl. 


A sharpened  thcoe-dinensional  Patterson  function  was  calculated 
and  Che  position  of  the  galllun  atom  decemined.  Thia  was  not  conplecely 
utianbleuoua  elnce  Che  (2x,  2y,  2zJ  vector  wee  nearly  In  the  llatker  plane. 
Conparleon  of  the  peak  profiles  for  the  two  large  vectora  In  the  Harher 
plane  showed  that  one  was  slightly  less  intense  then  the  ocher.  Thla 


thetDal  psranecers,  R " D.06.  A difference  Fourier  svntbeela  was 
calculated  from  which  no  hydrogen  positions  could  be  located.  Since 
all  shifts  in  the  last  cycle  of  leoat-squares  were  less  chan  one-fifth 
of  their  respective  eatlisaced  acandsrd  deviations,  the  structure  wss 
considered  solved.  In  order  to  cotnpleCely  resolve  the  smblgulty  of 
the  Psecerson,  e refinement  was  scceeipted  on  posltlme  relstod  by  <k,  y, 
1/&).  This  diverged  indicating  our  original  Incerprecaclon  wee  correct 


ii  ^ |5iiiii|i||i 

If  = i 2 i i 1 1 1 § 1 1 i I 

I . 

f!  ^ 1 1 1 i i i i I i i I i 

I . liiiliiliili 

if  j 1 1 1 1 1 1 1 1 f 1 1 1 

I ■ illliiiiiifl 
I ^ lilliiliiiii 

S ■ illliiiiiifl 

I I ............ 


. Hilllllii 
^ iif  Ifilsfi 
. iillflllll 
- iiiitiiiii 

.iillHilii 

^ iiiililiii 
■ iMIlillii 

• iiilfiifli 
i-  fllllliiil 


A negative  Fobs 


mmmm 


Ca(200).  01(-24)‘,  02(20)*,  CKIU*.  C2(U)*,  C3( 

08(117),  05(3)*.  06(-2)*.  CU(-5)*,  C12(3)‘.  013(1 
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f crivalenc  mecal  iona  fall  laco 
two  diatinct  cryecal  claaaea.  The  rnonocllnlc  modification  locliidoa 
Cr(acac)_,®^Co(acac)3^^  and  a polymorph  of  Af.Cacac)^,  Ga(acac)^, 

Ga(acac)^,  InCacac)^,  Vfacac)^^^  and  Mniacac)^^^  cryecalLlze  In  an 

Comparlaon  of  aevecal  larpa  obeerved  structure  factors  for 

laomotphooa  aod  calculated  a Fourier  synthesis  for  InCacao)^  based  on 

chormaL  parameters,  R ■ 0.060.  Three  full-matrix  leaet-equares  cycles 
with  Individual  anisotropic  thermal  parameters  refined  the  structure  Co 

hydropen  positions  were  located.  Three  block-diagonal  least-squares  cycles , 

.1  leotroplc  thermal  parameters  for  the  hydrogen  atoms,  refined 
or  non-hydrogen  atom  parameters 


Final  positional  and  thermal  parameters 
in  Table  9.  Calculated  and  observed  structure 
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FIdaL  refined  paremecere  for  che  hydrogen  aeons  In  Zn(acae).. 
The  hydrogen  aeon  la  given  followed  by  Che  aeon  Co  uhleh  ^ 
it  Is  bonded.  The  corresponding  bond  distance  (In  k) , che 
poslcionsL  par^eeers  (alO^)  and  che  Isocroplc  chemal 
paranneer  (In  P)  follow. 
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4>  fin  ORTP.P^^  diafEran  of  the  aoLccule, shows  the  atomic  oumliering 


Both  t>a(acac)^  and  In(acac),  are  octahedral  molecular  aoeciee 

shows  Chat  Che  foraer  coaclex  la  less  distorted  from  exact  octahedral 
seoaetry  thee  tho  latter.  This  larsar  distortion  may  arise  in  In(acac)., 
doe  to  Che  larsar  site  of  the  central  metal  Ion  and  the  inability  of 
the  Usand  bice  to  open  to  accomodate  the  mecal.  The  bond  lensthe  and 
ansles  In  the  lissnda  in  both  molecules  agree  well  with  those  listed 
by  Llnsafelter  and  Braun^*^  and  with  chose  structures  published  recently?^'®^’ 
All  licands  are  planar  within  experimental  error  (Tables  8.  13)  conaistenc 
with  their  delocaliaatlon. 

In  Ga(aeac)^,  the  gallium-oxygen  distance  ranges  from  1.9dl(7)il 
to  1.96»(S)*,  with  an  average  value  of  1.952(6)X,  This  gives  an  effective 
radlua  of  R.SbX  versus  O.eiX  for  Che  six-coordinate  Ionic  radius. ^ 

In  In<acac>^,  the  Indlum-oxygeo  distances  ranges  from  2.118(S]X  to  2.141(5) 
and  averagaa  2.132(5)^.  This  yields  an  effecclve  radius  of  a.74A  compared 
with  slx-coordlnace  Ionic  radius  of  0.79A.^ 

Three  Interecclons  determine  Che  equilibrium  positions  In  the 

oxygen  bonding  Incersctlons,  Che  inter-ligand  repulsions  and  the  steric 


Figure  3.  Art  ORTEP  drawing  o£  Ga(acac)^  sboulng  Che  acomlc  numbering 
attd  chermal  ellipaolda. 


dlstaoecs,  non-bonded  distances  In  the  coordination  snhere  and  ligand 
bite.  The  oorrelatlons  which  exist  anong  these  three  paraneters  and 

AtCeinpts  to  correlate  these  propartiee  have  previously  been 
mnde  by  Llngafelrer  and  Braun, and  Hon  and  Pfluger-^^  The  iorner, 
using  all  acetylacetonaco  data,  showed  Chat  there  was  a linear 


eorrelarion  between  metal-oxvgen  distance  and  aecal-lcnio  radius.  Also, 


a Linear  but  poorer  correlation  exists  between  bice  and  Ionic  re 
to  charge  ratio.  Hon  and  Pfluger,^^  considering  only  trlvalenc 
acetylscetonate  complexes,  showed  that  there  was  also  a linear  c 

depends  on  the  eiae  of  the  metal  loo.  AtCacac)3 


(Figure  B(a)}.  This  was  rationalised  on  the  bai 
charge  which  so  polarised  the  aluiBlnum-oxygen  bi 


It  of  the  correlation 

considered 

’ having  a high 
tat  exceptionally 


lees  polarized  t: 


ligand  bice  Co  contract.  This  explanation 
eleceronegacivicy  difference  between  oxyger 

ocher  acetybeetonate  coatplcxea.  Furcharxtoi 
acidity  of  a aecal's  hexaaguo  ion  reflects 

since  the  Ks'a  for  and  are  1.12  x I 

B.5  X 10”^  respectively.^^  Clearly,  from  Figure  5(a),  G 


An  O&TEP  drawing  cf  Iniacac)^  showing 


d cherioal  ellipsoids. 


Hlch  C«<acec)^,  Sc<acac}^.  RJi(acac}.,  In(aeac)^  aod  Che  cerrecc 
Hn(acac)s  scruecutal  data,  we  can  obcain  an  excellent  correlation 
between  vecaL-oxygen  dlacance  and  nvetal-lonlc  radiua  <Flgure  5Cbl).  With 
metal-oxygen  diacanee  and  Ileand  bice  fFigure  5(a)),  no  overall  trend 
exlaca,  although,  in  Individual  perloda,  a trend  may  be  observed. 

This,  tbereEore,  Implies  that  nccal  else  does  not  control  ligand  bite. 

oxygen  non-bonded  contact  (Figure  S(e)).  Therefore,  van  der  Waele 
forces  do  not  control  ligand  bite.  Tlte  non-bonded  contacts,  however,  do 

a result,  the  magnitude  of  Che  InCer-llgand  van  der  Weals  Incerscelon 

what,  Chen,  does  affect  llgaod  hits?  Likely  all  the  above  factors 
cootribuca.  however,  the  mecal-llgaed  bonding  Interactions  cannot 
simply  be  represented  by  distances  because,  by  just  caking  else  Into  account, 
we  neglect  Che  covalent  character  of  the  metal-oxygen  bond.  This  covalsnt 
charecter  Is  extremely  important  for  If  may  allow  a great  deal  of 
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to  evaluate  both  IndeRendently.  In  order  to  minimize  BCeric  eflectfi 
nnd  eveluaee  electronic  psremetera  in  the  Ralllus(Ill)  ayscean,  we 

atecic  factora  in  acac  and  tlacac  are  very  almllar.  Unfortunately)  the 

Therefore,  the  atructuce  of  CaUcfacacl3  waa  undertahen.  The  aterlc 
conatralnta  of  ttfacac  and  acac  ace  suite  different  and  muet  be  conaidared 
aa  well  aa  Che  electronic  effects  or  the  asynraecrlc  ttfacac. 

Solution  of  Stnicture  of  CaCtcfacac)^ 

A Bhsrnened  chree-diaienslanal  uatterson  function  was  calculated 
from  which  the  poaitlon  of  the  Ga  atom  was  determined.  The  poalclons  of 
Che  three  sulphur  atoms  were  located  from  a Fourier  svnchcsle  which  was 
phased  on  Che  Ca  atom.  Subsequent  Fourier  syncheaes  enabled  ua  to 
eaCablieh  all  the  non-hydroRec  atoa  poslclonst  R waa  0.21.  Three  full- 
matrix  least-squares  cycles  with  individual  isotropic  thermal  parameters 
rofioed  Che  model  Co  H « 0.15.  Six  block-dlSRonal  least-squarea  cycles 
with  individual  anisotropic  cherpial  parameters  refined  Che  model  further, 

R - 0.09.  A difference  Foutlsr  synthesis  was  calculated  and  cbe  poelciona 
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Observed  and  calculeCed  structure  factors  for  GaCctfacac}^. 
roadlng  from  left  Co  right,  of  1,  and  lOFfaic* 


of  all  tvelva  hydroaaa  atoos  ware  loceced.  Tha  hydrogen  acona  were 
arblcrarlly  aealgnad  leotroplc  Chemal  paranerere,  one  unit  larger  than 
choaa  of  cha  aroma  to  which  they  ore  bonded.  Three  block-diagonal  leaae- 
aquarea  cyclea  ulrh  Individoal  anfeocroplc  rhennal  paranerera  for 
non-hydrogen  acoma  and  Che  hydrogen  aroma  held  conacanc,  refined  Che 


Chair  reapeccive  eaclnared  acandard  devioclona,  che  reflnemenr 


Dlacuaalon 


Final  poalrlonal  and  rheroal  paramarera  for  non-hydrogen  aroma  are 
given  In  Table  la.  Table  15  concaina  a liar  of  probable  hydrogen 
poeiclona  and  rhelr  reapeccive  carbon-hydrogen  bond  lengche.  Calculated 
and  observed  SCruccure  faccora  Cor  GaCccfacac)^  are  found  In  Table  16.  hn 

the  solid  scare  ae  che  meridional  or  crana  isomer.  Gafcfacac)-  also 


c elmlliarlry  of  etacoc  am 


electronic  effecca  becwei 
A study  of  the  acablllcy 


Cu(cfacBc]2  and  CuCcrfacac)^  si 


Galcrfacac)^  ahould  be  sllshcly  favoured  elaccronlcelly. 


iiiiHiiiiliiiiiSiiiiliii 


F32 


compounds  concolnlnjt  ctfacsc. 


:s  favoucod  because  Ic  affords 

.eh  ehe  chleoyL  rlnas. 

10  CO  20  shorcer  (2.45C2).  2.42(2).  2,44(2),  and  2.46(2)  A versus 
2.45(2),  2.45(2),  2.49(2)  and  2.48(2)  X for  (>IK^)Pr(ttfacac)4-HjO;'* 
1.914(5)  and  1.915(5)  A versus  1.929(5)  and  1.920(5)  A for  Co(tcfacae)ji'’ 
2,096(4)  versus  2.077(6)  1 for  (•2P)jCu(ctfaeae)).^^  Only  In  Che  case 
where  lar^e  scerlc  Incerocclons  occur  ((d3P)2Cu(ccfacsc))  beeween  Che 
chleuyl  rlna  end  ocher  llpaods  Is  Che  raecal  "chion^A-oxygen''  dlscaoce 
longer. The  mecal  "chlenyl'dxygen  " discances  Id  Ca(ccfacac),  ere 
1.962(7),  1,968(7)  and  1.971(7)  A,  while  Che  meral  '’perfluoro-osyaen" 
discances  are  1.915(7),  1.943(7)  and  1.968(7)  A.  respectively.  All 

slgolflcancly  differenc.  Metal  "perf luoro-osygen"  discances,  however, 

Purchenrtore,  In  Che  first  cwg  Itaonds,  the  mecal  "chlenyl-oxyeen"  distance 
is  slpnificancly  longer  chan  Che  aecal  "perPluoro-oxyeen"  dlscscce.  This 

"perfluoro-oitysen."  The  trend  of  necal-oxygen  discances  in  OeCttfscsclj 
The  reason  for  Che  aallium-oxygen  disesncee  in  OB(ccfBCHC>.  may 
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Che  ligand  dlacartlan.  la  CulCCfacac)^.  a square  planar  coaplex,  Chase 
angla  of  12*43',  while  (rni,)Pr(cctacsc3,^*h20'”  has  dihedral  angles 

angles  are  5*20',  11*25’  and  16*60'.  The  ligand  with  Che  Bmalleat 

ligand  discorclona  caused  by  scerlc  Inceracclona. 

sulphur atoB  c^  to  cho  oiygen  acce  as  Is  found  In  (HHjlPrCctfacaclj-lljO  ai 


Co<cefacac)2> ' 


and  2,903(8)  X ace  shorter  than  Che  sum  of  the  sulphur-oxygen  van  dcr  Uaals 


angles  are  nuch  larger  chan  those  found  for  Cuftcfacaclg^^  (-0*)  and 
C«,P)jCu(ttfacoc)’^  (2*2').  and  slalUc  to  those  found  in  (KII^)Pr(ctEaciac)i,- 


Thls  compound  revealed  little  ebouc  the  electronic  properties  of 


CHAPTER  6 
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those  stodled  by  x-ray  diffraction  are  dlacorced  octahedral  sfiaclee 


a correapondlnelv  large  venderWaals  radius^  which  should  Rive  rise  co 
large  UiCer-llgand  reeulalons.  With  the  snail  size  of  the  galllun(IIl) 


ill  provide  data  on  the  affects  of  van  cferlitels  on  coordination 


Solution  of  Structure  of  Cafdetcl^ 

A sherpened  thcee-dlnensional  Patterson  function  was  calcalated. 


Ga (decc)n 
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gfllliiiTBdll) . The  hydregen^etoD  la  glvefl  follDuad 


Observed  and  cslculsced  scruccore  fsei 
three  coLuaes  In  each  gtoup  concein  cl 
;o  rishc,  ot  I,  SFjj,  «t 


:cure  of  In(detc),.  Theae  vec 


ofi-hydroften  atoms.  The  poeltiona  were  elsilLar  to  those  in  Ih(dete)^, 

X leaet-squares  cycles  wlch  Individual  iaotroplc 


The  etcuccure  eonslsee  of  distinct  Ca<decc)3  noLccules  separated 
by  notinal  InternolacuUr  Van  darWaaU  conceets.  Ulth  tour  Catdecejj 


asiblguity,  although  the  Intdecc)^ 


attributable  ci 
nt  diverged  vhei 


L.328<11)  A Is  slightly  longer  than  that  found* 


1.725(a),  1.729(8}  and  1.736(6)  A versus  1.690(5).  This  is  consistent 
vith  the  follouing  cencnicol  structures  conccibuting  to  the  ligandi 


\ 

/ 


IS  a 6-s  a 

/_\^  /_\  / 
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The  C6>N2  distance  is 


The  cve-fold  exle 


!Be  distances  ace  very  alnilar  to  tl 
le  averesa  Fa-S  dlacanca  2,a2  X),  a 


2.408(3)  and  2.435(3)  X. 
In  FeCdtMtcjj** 


ac  of  gaLllmadll)  (I 
601(2),  2.571(2)  and 


radius  of  iron(Ill)  (0.64  X) 
62  X).^  Tha  indium-Eulphuc  d: 
.589(2)  X are  0.17X  lender  chj 


icoB  in  In(detc)3, 

le  cocrespendlnB 


c aieiLariy  with  sulphur 


are  sllsbtly  sh> 
2.954(4)  X)  but 
2.94(1)4).  Ug. 
[ha  519  angle  ai 


id  for  In(decc)^,^*  (2 
,e  found  in  Mnfdetc)^, 


Oa(decc),  and  InideCc),. 


angles  decrease  with  increaeing  oetal 

Increase  vith  Increasing  eetal  else 
well  with  [he  Gum  of  the  sulphur  van  teWsals  radii,  3.70  X^^  the  Gnlderc)* 

Coeparlaon  of  [wlac  angles*  for  fiafdafe)^  and  (ofdecc)^  show  that 
56' ,38“36' ,for  Ca  and  In). The  angle  6 ranges  from  0"  for  crlgonal 
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sphere  of  gslliuo,  will  galJlun-nicroRen  distances  vary? 

Inlclallp,  we  intended 

prepare  Ga(2-Heox),.  Hovevi 


le  structure  of  CaCplc)3'K20. 
o coBipere  Ca(plc)^  with  Ga(ox>^,  but  the 


le  expected  CaCt(6-rleptc)  » 


(II) 


= I § f E I I 2 I I I I I I I 
I?  .=  § § 1 1 § 1 1 § 5 i s I s I 
ij  =||||g38i|||||| 

t|  ^ i 1 1 i 1 1 i 1 1 i 1 1 1 1 

I Hiiiiiiiiiiiii 

jj  ■?  = § § i i 3 i I i § 2 i s § 

I -iiiilfilililii 

-iliilliliqiii 

i I : = 3 3 = = 


9 H S M ? 5 ? ? M ? I 

J=i  I I I I I I I i I I I i I I 


■iiiililiiliiiii 

-iiiliililiillii 

■ilifiliitiiliil 


e d 5 e d d 5 3 e i 


Che  poeicionel  ^arsmecere  <xL0^)  and  Che  iBoCrople  cherteal 


from  left  to  right,  of  h.  SF^b,  e"d  5F<,bi  end  SfceU-  * 
Degacive  indicates  an  unobeerved  ceflection  which 


iinfs  wmmmm 


OsCO)*.  I>3<0)»,  H3(0)* 
edr«i  •ngles  hccutcn  pl«ni 


C«C6>Tteplc)  nai  GoCplc)^  otske  an  incnrepclnp  conparison,  since 
6-Heplc  hss  a bulky  lothyl  group,  which  will  cause  scerie  repulsions 
In  Che  coordlnaclon  aphere.  To  scudy  che  effect  of  the  methyl  group  on 
Che  coocdinstioo  sphere,  we  elso  undercook  che  detemloaclon  of  the 
structure  of  Ca(6-Hepio)3. 


Fourier  syntheses  allowed  us  Co  locece  all  oon-hydrogcn  acorns,  R ■ fl.lS. 
Three  full-Tescrlx  loasc-scoarea  oycles  wlch  Individual  isotropic  chertoal 
pacaoiecers  refined  che  model  to  R - 0.097.  Three  block-diagonal  lease- 
squares  cycles  wlch  individual  anlsocroplc  thermal  parameters  were 
computed  and  che  model  refined  co  R - 0,066.  A difference  Fourier  was 
calcolated  and  all  hydrogen  positions  were  found.  The  hydrogen  acome 
were  Chen  arbitrarily  assigned  Isotropic  thermal  parameters  one  unit 


Individual  anisotropic  thermal  p, 

model  was  considered  complete. 
Results  for  Gafelcl.,-P,Q 

Final  positional  and  thermal  pi 


The  hydrogen  atomt 

on-hydrogen  atcuna  t 


Table  27  coaEaloa  bond-leDgcba,  non-bonded  coneacEa  and  bond  anglaa  for 
the  BioLecule.  Pleura  9 la  an  ORTEP^^  dlngraoi  of  cha  Dolecule  which 


.cor  ovarlappad.  the  x 


It  plane  vector  and  Che  Ga(2x,  ly,  2a) 


and,  from  chla,  two  acoeia  In  Che  coordlnaclon  aphere  were  aaeigned . 

eyncheaea  allowed  un  Co  locate  all  non-hydcogeo  acorn  poalclona,  R ■ 0.17. 

parawetere  refined  cha  Bodel  co  R - 0,099.  Three  hlock-dlegonal  laaac- 
aquaraa  cyclee  with  Individual  anlaocroplc  cheraial  paratiecere  refined 
Che  model  feccher,  R <>  0.065.  A difference  Pourler  eyncheele  wee 

were  Chen  held  conacanc  and  chceo  block-diagonal  leaec-aquaree  cyclee 
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Tftble  30.  F’inal  parameters  for  the  hydrogen  atome  In  CaCd-Mepiele.  The 
hydrogen  ntom  Is  given  followed  by  Che  atom  to  which  it  Is 
bonded.  The  corresponding  bond  distance  (in  A),  the 
poaitlonal  psremetera  (xIO^)  and  the  Isotropic  thermal 
pareoetere  Cin  A‘)  follow. 


Observed  and  calculated  structure  lacrors  for  Ca(6-Meplc)j. 
froB  left  CD  right,  of  1,  SFobi. 


mm  mmmmmm 

:ss  S5S3~:S2 


"siSSSr"’” 

“""3sSs?£s;":.s.s:’ 


Os(0)*.  02(0)*,  N2(0 


Beaulta  for  CatS-Meplci^ 


Final  poeltlonal  and  thenaal  paranecara  far  non-hydropen  ncoma  are 
plven  in  Table  29,  thoae  for  hydrogen  acoaa  are  found  in  Table  30. 
Calculated  and  obaerved  atruccure  factora  are  found  In  Table  31.  Table 
32  liacn  bond  lengcba,  eon-bonded  contacts  end  bond  anglea  for  the 
DOlecule.  Figure  10  la  an  ORTFF^^  dlagran  of  the  ooloeule  which  shows 
the  atonic  nunbering  achene  used. 


Both  GafpicJj  and  Ga(6-nepic)^  are  onlecular  crane  octahedral 
species  (Figures  9 and  10),  The  distances  in  the  ligands  in  both 
noleculaa  conpare  well  with  each  other  and  with  the  distances  found  in 
Ni(plc)2(H20)2®^  and  Cufpic)^  hydrate.^®  The  galllunr-nicrogsn  dlatnncea 
in  Gn(plc)j  are  2.073(5),  2.083(5)  and  2.033(5)  k,  which  are  ellghcly 
shorter  chan  those  found  in  Ca(6-Mepic)j  (2.126(4),  2.188(4)  and  2.102(4)*). 
The  pyridyl-nltrogen  In  6-Hcplc  Is  a better  donor  than  the  nitrogen 
In  pic,  due  to  the  ioducclue  effect  of  the  methyl  group,**  The  longer 
distances  nay  occur  in  the  better  donor  because  of  the  sterlc  hlndecsnce 
associated  with  Che  methyl  group.  Conversely,  the  galllum-osygcn  dlstanceo 
for  Gafplclj  (1.955(4),  1,936(4)  and  1.955(4)  *)  ore  larger  than  chose 
of  Ga(6-Heplc)j  (1.939(4),  1.927(4)  and  1.902(4)  X),  For  0a(6-Heplc)j, 


orienting  three  methyl  groups  on  sn  octahedral 


I 


<J  u 


Figure  10,  An  ORtCP  drawing  of  Ga(6-Meplc33  shoving 


SB  unscsbLe  at  thsc  of  Go(f-Hsplc)^  since  GsL^^^,  L » blpy,  phen 
Bpecies  exist. However,  with  three  earboxylnte  nxysens  on  an 
octahedral  face,  dipole-dipole  incecacclons  may  deatablllxe  the  da 


Ga(ccfscac)^.  le  Ga(plc)^  02  la  slgolf tcsncl/  shorter  chan  01  sod 
03  (Cq  - 3.36,  3.36,  respectively)^^  and  H3  slgnlflcontly  shorter 
chan  HI  and  N2  (t^  - 5.66,  7.07,  respectively)?^  This  differs  from 
ns<6-Meplc)j.  In  which  03  and  N3  are  significantly  shorter  <c  • 6.56, 
6.07  for  01  and  02  versus  03;  to  ■ 6.26,  15.2  for  HI  and  H2  versus  N3).*^ 
These  differences  in  the  els  distortion  are  likely  related  to  the  acerlc 
bulk  of  the  nethyl  group  in  6-Neplc. 

In  both  Gafplc)^  and  GafO-hlepic)^,  we  have  three  seeningly  Identical 

coDpeund,  ligand  2 (that  containing  H2)  has  the  greateat  twist  of  the 
carboxylate  group  relative  to  its  renpectlvn  pyridine  ring  (9'60’  versos 


)a-N3  distance  Co  shorten.  In  Ga(6-Hepic)^ 

irsua  9*15'  and  9*10'  for  ligands  1 aod  2). 
:n  Ca(6-Hepic)  have  large  twiacs  relative  c* 


distance  to  lengthei 

its  pyridine  ring 


.n  Ga{plc)3.  Therefore,  In  Cafg-Hepicj^,  Che  cia  effect  It 


smaller  ^llscsreian  of  one  ligand.  Ligand  2 la  alao  lilted  cowards 

affect  in  Gafctfacac)^,  Calpic}^  and  Ga(6-Heplc}j  may  be  related  to  the 
electroneutralicy  principle. If  the  system  cannot  simuleanooualy 
maintain  equivalent  ligands  and  electeoneutrallty  on  the  metal,  then 
the  ligands  will  distort. 

A coDparlson  of  the  packing  in  the  two  compounda  is  quite  interesting 


(Figureall  at 


:r  molecules  in  tl 


172*1  OH-03  2.888C7)X,  1 


ire  compoecd  of  rows  of  GaL^  (L  - pic,  6-Heplc), 
the  rows.  Gs(8-fleple)^  orients  the  methyl 
.s  towards  this  open  apace,  while  Ga(plc}3'H20 
open  space  which  hydrogen  bond  between  01’  an 
’ 2.846(8)X,  KUl-fll'  1.85*,  angle  OH-mi-Ol' 

03  I, 76*,  angle  OW-H  2-03  161*).  hotable  in 


both  structures  is  Che  parallel  orientation  of  the  pyridyl  rlnga  in  the 


rhe  vAitAdvI  Un  £or«s  a V02-*fe«:  conpound  which 

Anhvdroua  Iron(lII)  chloride  forma  PeCt{2-Heo3!)-^^  which  car  be 
hvdiolyiod  to  u-Dxa-bIo(biB<2-!Ieox)Pe(III)) a cclponnl  oyrarldal 

Meoii)AlUn)I , haa  bear  determined  and  la  tclRornl  Dyromldal. 

In  aqueoua  aolution,  AallliriCIlI)  reacca  vlch  HZ-hcox  to  Form  Ga{2- 
Heox)-  In  nearly  atolchlonecrlc  yield. [iechanollc  aolgtlona  of 
anhydrouo  GaCt3  with  Na2-Meca  did  not  yield  the  aamc  connownd.  Thia 
behavior  haa  no  naralUl  In  the  ironCllII  and  Indlumdll)  ayatema.  both 
enhydrooa  IronClU)^^  and  Indiundll)  chloride  react  In  obaolute  methanol 
with  Nn2-Mcox  to  form  HlZ-HeoaJj,  f ■ Fe.  In.  Since  the  'loCl(2-Meo»)j  la 


Solutloo  of  Sttbcture  oi 


and  the  poaltlon  of  i 
ayntheaea,  we  locatei 


11  noo-hydroeen  ooaltlona,  F.  ■ 0.15.  Three  full- 
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:n  eaCt(2-Mecix)2- 


mm 


(,)  Bond  Lonsth.  (A) 


refined  the  nodel  to  B - 0,095.  Three  full-eatrl2  leasE-fiquaree  c/cles  with 
indlwiduel  enlsotrople  thenml  paraeetets  refinad  the  iiodel  further,  R - 
0.052.  A difference  Fourier  eynthesia  wee  calculated  and  all  hydrogen 

hydrogena  were  then  arbitrarily  aaalgned  Isotropic  Chennai  paraeetare  one 
unit  higher  than  the  eton  to  which  they  are  bonded,  These  hydrogens  were 
Chen  held  constant  ee  three  tull-«atrla  leasc-squstes  cycles  with  individual 
anisotropic  thermal  parameters  for  non-hydrogen  atoms  vote  calculated, 

to  locate  the  methyl  hydrogen  atoms.  About  each  methyl  group,  a smear 
of  electron  density  eaisted.  Indicating  chat  Che  hydrogen  acema  were 
disordered.  Since  all  shifts  were  now  less  Chao  one-tench  of  their 
respective  escimsted  staodard  deviations,  the  refinement  was  considered 


of  CaCl(2-Heox]2  are  given  in  Table  3d,  while 

ORTEP^^  diagram  of  the  molecule  ehowing  the  et 


CiCIfl-Neoiclj 


Figure  13.  An  OATEF  drawing  of  GeCl(2-Mea]i)  showing 


C16 


err9£  (Table  36).  Ttie  oxygen  acone  are  bene  only 
planes  oE  Che  ligands  <0.074  and  O.OZlA  for  01  end 
ihlch  la  laCeriBedlsce  between  Zn<ox)  end 


e Identical  with 


slightly  ot 

02,  respectively),  which 

of  Che  ligand  Co  0.231^  ( 

The  Cs-N  dlscances  (2.108(3)  and  2,104(3)  I)  a 
dlsconces  (1.838(4),  1.882(4)  X and  2.190(2)  X)  are  significantly  shorter 

coapnrison  exists  between  P-oxo.'blB[hle(2'Neox)K]  (H  ■ Te,  Al)  and  GaCl 

gallium(lll)  dlscances  seen  tc  parallel  each  ocher,  while  the  distances 
of  aliaBlnun(llI}  and  gBlllue(tll)  do  not. 

GaCl<2-Heox)2  to  readily  react  further  in  solution.  The  chlorine  atom 

sics  In  a sheltered  pocket  forned  by  the  two  nethyl  groups  on  the 

two  2>Meax  Uganda.  Tbs  chlorine-netliyl  distances  (3.618(6)  and  3.881(8)X) 

attack  is  unlikely,  since  an  Incoming  nucleophile  ornat  approach  the 
electronegative  oxygen  otoma  of  2-lleox  Uganda.  Although  OaCKl-Keox)^ 


Figure  14.  A view  of  Che  chelace  rlnge  and  mechyl  groups  in 
8aC fi2-Heox) 2 vieued  down  the  6e-Ct  bond. 


.C11 


fails  to  react  with  Na2~lteox  iji  reathanol,  a very  Blow  roaccion  occurs, 
with  AgMO^,  Thleivles  out  the  poaalblllty  of  a four  coordinate  cation 
In  oetbonol.  The  asall  size  of  Che  salliuodzi}  ion,  along  with  the  bulk 
of  the  ligand,  accounts  for  the  ecablllty  of  GaCtd-Hooalj,  alnce  Irondll) 
and  indltisdll),  two  larger  Iona,  ceedlly  fora  M(2-Heoa),  {N  - Pe,tn)  in 

Another  Interesting  cosparlaon  exlsca  between  Ga<6-Heplc)3  and 
GaCiCZ-Meax)^'  Both  were  prepared  under  Identical  conditions,  yet 

tertea  of  bite,  acerlc  and  electronic  effecca,  both  these  Uganda  are 
extremely  slnilor.  The  only  difference  Is  that  b^epic  has  rotaclonsl 
freedoB  of  the  carboxylato  group  about  the  pyridine  ring,  while  the 
oxygen  of  2*f!eox  Is  locked  into  position  by  a fused  ring  sysceB.  We 
can  speculate  that  the  Cei^*  complex  can  be  fomed  only  by  a transition 
state  which  requires  the  ligand  to  twist  considerably  to  accomodate  a 
sterlcally  hindered  systaB.  since  2-Mcox  Is  unable  to  do  this.  OaCt 
{Z-Weoxlj  forma. 


mecal  caaplexes  which  have  been  bharacCeciaed  b;  x~raf  difiracclon 
Cd(Mn(C0>j)2terpy^*^^) , occnhedral  (CaCt^cerpy,*^'^^^  Sn(CH3)2Cicerpy*^^' 
nanscoardinaca  (Bu(carpy)j(C104)j)^“ 


a relatively  etiaLI  bite.  The  ripldlcy 
and  bite  pf  chla  llpand  cauaea  lecpe  dlatoctlon  fcavi  Ideallaed  trlsonnl 

dlatprced  trana  octahedral  speciea. 

pooreac  donor,  haa  Che  ahorteat  na-N  dlacance,  which  is  due  Co  Che 


In,  Tl)  ai 


Ch4llikfiiClII)i  and  we  would  be  able  co  acudy  t1 
on  Cbe  Cerp7  Ligand,  we  undettaok  che  di 
InCljterpy  and  TECK^terpy. 


SoluElon  oE  Sccuceura  of  Inf:E^ternv 
In)  were  cocapared  and  found  eo  vary  t 


■Cora  for  HCE^terny  (M  ■ Ga,^®^ 


e full-aacrLx  Ii 


na  EroB  che  GaCE^cerpy  acruccura,^ 


cad  from  che  Pourlec  and 

:e  full-Bacria  leaac- 


aquarea  cyclee  vich  IndlvldueL  eniaocropic 
che  nodal  furchor,  R >■  G,033,  A difference 
calculated  and  che  poaltlona  of  all  hydrogen  a 
ic.  The  hydrogen  acoma  were  then  aealpned 

Batrix  leaat-Bcuacaa  cyclee  with  Individual  anleocroplc  l 
ir  non-hydrogen  acoria  aod  individual  iaocropit 
>T  hydrogen  acona  further  refined  che  model,  I 


Several  large  ohaerved  ecructure  faccora  for  MCEjterpv  <M  - In,  Tt> 
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Observed  end  celcuUced  server 


re  factors  for  lnC£3Cecpy. 
1.  10F„b,  sod  lOF^^u- 


Observed  and  calculated  struccvice  faecora  Cor  TtCC^Cerpx< 
The  three  coluena  ir  each  group  cha  values,  reading  Croei 
left  to  right,  of  1.  lOFj,,,  and  lOF  A negative  F ^ 
Indlcocea  an  unobserved  reflection  which  was  not  locluded 
Che  loaac-sduarea  refinenienc. 


eonscsnc.  This  furcher  Indlcaced 
Isoaorphous.  A Fourier  eyochesls  i 
froB  Che  InCtjCerpy  ecruccure 

eleven  hydro^n  acoDS  were  found.  1 


ion-hydrogen  ecamlc 
Three  rulL-SBCrlx 


ree  full-macrlx  lessc-equeree  cycles 

1 colculaced  and  eight  out  of  Che 


e full-nacrlx 


anisocroplc  thermal 


Final  poeiclonal  and  thermal  parenecers  for  MCL^terpy  (H  > 

)d  observed  structure  fsetore  for  InCl^cerpy  end  TfCl^cerpy  ei 
I Tables  Al  end  42,  cespecciwely.  Bond  lengths,  non-bonded  ci 


Figure  IS  is  an  ORTEP'*^  drawing  of  InCt^terpy  which  gives  cl 


silliilK  iippllininpiHii 


(X) 


36).  C1{1)*, 


have  three  dietihcc 
2.235(2)  k;  2.507(1). 


hedral  epeclea  which  heve  only  noCBsl  van  der  Uaala  Incerteolecular 
concacEa  In  Che  eolld  scace.  Dlacances  and  angled  within  the  terpy 
Uganda  aeree  well  with  each  ocher  (Table  *3)  and  with  thnaa  pcovlouely 
reported. All  MCl^cerpy  (K  ■ Ge,  In,  Tl)  conpoande 
incea  (2.329(2),  2.903(2). 

2.990(5)2  for  H-Ctti;  n ■ 1,  2,  3;  H a Ga,  In,  Tl,  reapecclvely) . The 
M-C13  dletanoee  (M  ■ Ga,  In,  Tl)  ace  conaiacencly  Che  ehorceat  wetal- 

o(  Che  three  pyrldyl  nltrogena  and  Che  significant  ahorceninp  of  the 

The  H-Cll  and  M-C12  dlacancee,  (M  “ Ga,  In.  Tl),  are  also  algnlficencly 
dlfferenc.  Both  Cll  and  C22  have  a aleiilar  electronic  environment: 
therefore,  Che  difference  must  be  doe  to  aterlc  Inceractlona.  These 

y ligand  la  not  planar  (Table  49)  and 
irda  one  aide  of  Che  oolecule,  lengthenlnp  chat  H-Cl  distance. 
;Ize  Increases,  cha  difference  between  M-Ctl  and  H-Ct2,  (H  - 
.)  decreases,  which  further  Indlcacaa  thee  this  Is  a sterle 


The  respective  metal-chlorine  and  Betal-nlcrogen  dlscancea  for 
HCt3tecpy  « Ga,  In,  Tl)  correspond  remarkably  well  wlch  their  six 
coordinate  Ionic  radii,  (P-Sa,  O.hOO,  0.885  2).^  The  metal-nitrogen 
dlacances  (2.115(6),  2.034(7),  2.110(7);  2.268(3),  2.238(3),  2.281(3)  2;^” 


2.347(13),  2.329(13),  2.398(13)2  for  Il-Ht!  I - 1,2,3;  M • Ga,  In,  II, 
respectively)  are  similar  for  N1  and  N2  hut  are  considerably  shorter  for 


Che  difference  becwi 


T chaLllum,  l 


The  shorcesc  necal-nicragen  diecence  oceuri 

Che  H-N2  dlecanee,  (K  ■ f!a.  In,  Tl)  decreeses  w 
nlEcogen  discsncea,  uhCil,  vlch  Che  largese  seci 

thus  tends  Co  diminish  Che  sceric  effeccs  ef  Che  cerpy  llgsnd  end  make 

with  Che  charge  on  Che  aecal.  [n  2nCl2lecpy^^^  end  CeCl^cecpy/^  Che 
eecsl-nlcrogen  dlecsnces  sre  2.24(1),  2.09(1)  end  2.18(1)  Jk  and  2,113(6) 
2.034(7),  2.110(7)^,  respeccively.  Simllarlly,  in  Cd(Mn(CO)2)cerpy^®^ 
and  InCl^cerey  DeCal-niccegen  diacnnces  (2.473,  2.403,  2.493  X versus 
2.268(3),  2.283(3),  2,281(3)A)  decrease  wlch  Increasing  charge  no  the  me) 

Increasing  necal  siee.  For  hCl^cerpy  (H  • Co,  In,  Tt),  Che  Nl^K-hl 


4.4(3)° 


4.4(1)° 


0.8(5)°. 


. only  allghcly  from  If 


to  110.9(6)°. 

dihedral  angles  becoeen  pyrldyl  rings,  vary  sllghcly  wlch  oecsl  l 
(Table  44),  cdcich  Implies  Che  ligand  Is  rigid.  The  HCl^cerpy  (H 


Flgu£«  16.  A plot  B necal-llgand  diacanca  veraua  aleaBac  for  HCL^cecpy 
(H  . Ga,  In,  Tl) 


CMPIEB  10 


SALE  1 UH  ( 1 1 1 ) ] C UE 


To  study  chs  traps  affect  obeervetl  In  GaCf^carpy,  Oyeock  and 
Carey  prepared  a eerifs  of  galllun,  Indlue  and  thalllun  halide  coopLexes 


originally  prepared  these  Uganda 
setal  lialide  complexes.  Klckel(ll), 

the  group  IIIA  halides,  MeHe'dpma 


Tecarded  in  cha  regions  I600cn  ^ to  600  c»s"^  and  iOOcffl”^  Co  200  cn"^ 
also  agroed  well  with  che  CaCL^IeMe’dpina  fomilaclon.  Preliminary 
cryacallographlc  dace  gave  a ealcwUced  denaicy,  based  on  GaCi^lMle’dpna, 
which  conpared  well  wlch  Che  oiaasured  denaicy.  The  decernlnacion  of  Che 


oken  vich  Che  belief  fimly  ieplsnced  lo  our  Binds 
with  GaCl^lieMe’dpina.  However,  Che  decenoinacion 
us  CO  Che  corcecc  formuleclon  (GalleHe’CI(0H)),>:i2'll20> 


■n  of  Scruccuce  of  (eaMeMa'dpisaCKOIOljCl, ‘HjO 

e Fourier  syncheses  gave  wa  a chloro-brldged 
dimeric  cacion  with  disordered  pyridine  rings,  g - 0.25.  The  dleorder  wi 

nechyl  groups  sppeated  sc  epproxlmscely  hslf  psek  helghc  for  s esrbon 


by  Isasc-sguares  methods  led  to  unressonably  high  Isocroplc  cheimal 
paremeters  for  the  bridging  Ct  acoine,  unusually  short  galllum-brldging- 
chlorine  dlscancss  and  poor  convergence,  R • 0.19.  A difference 
Fourier  synthesis  was  calculated.  Peaks  of  negotlve  Ictenslty  were 
found  where  the  bridging-chlorine  acoma  were  located  end  two  previously 
undecucced  water  molecules  were  found.  Ac  chisacage,  we  roalleed  that 
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Observed  and  calculaEed  sEniccura  Eaecars  for  fGaMella'dpba 
Ct(OH)]2Cf2*^2*^'  throe  columaa  In  each  group  contain 

The  unobaerved  reflacclona  were  not  ljic¥uled. 


scudiea  revoaLed  a atrans  at  532cfc  The  aaalgitaanc  of 

the  htldglog  atoma  aa  oaygen  atona  eLlolnated  the  negative  electron 
denalty  at  Che  bridging  atone  poaitlona  end  alloued  Che  chemal 
oaraectere  of  the  hrldglng  acoiu  to  refine  to  reaaonable  valuea. 
Therefore,  we  were  dealing  with  a hydroMo-brldged  dimeric  cation  with 
Ionic  chloride  and  vncer  of  hydration.  Three  full-macria  least-aciiiarea 
cyclaa  with  Individual  iaocroplc  thermal  paramececa  refined  chia  model 
to  R ■ O.Il.  Sin  leaet-aouarea  cyclea  ualng  the  bloch  approaimaclon 
with  individual  aniaotropic  thermal  paraaecera  further  reduced  the  R to 


hydrogen  atom  poaitlona  and,  aince  all 
of  their  reapeccive  eaelraated  acandard 


Reaulca  and  Diacuaalon 

final  poaitlonal  and  thermal  pacamecera  for  {GaMeKe'dpmaCl(OR)) 

hie  47  contains  bond  lengths,  noo- 
the  compound  . An  ORTEP^^  diagram 
is  given  In  figure  17-  figure  18  la  a packing  diagram 

bridged  cations  elcuaced  on  centres  of  aymnecry  and  packed  together  with 
water  molecules  and  chloride  Iona.  The  dimer  conalata  of  two  octahedral 
gallium  atoms  bridged  through  ela  aayemetrleally  bonded  hydroxo  groups. 


Flguce  17.  An  ORTEP  driving  of  ICaHeHo'dpBaCtCOH)]^^  (cacion 
■Roving  cha  Chennai  elllpaolds. 


the  Blxth  Ligand  crana  to  the  long 

agreement  with  thoee  found  In  other 


CILCOH))2CE'h2C  Id  aimlLar  to  that  in  GaCt^cerpy.  The  trana  gallium  - 
nitrogen  dletenuea  are  alnilsr  in  both  cationa  (2.099(9),  2.100(10)A 
veraus  2.0SB(9) , 2.083(10)A).'nieGal-N2,  Ga2-II22  diacanoea  are  longer  in 
(GaHelle'dpfna(Ci(CH).)  than  Che  corceapondlng  Ga-N2  distances  in  GaC23Cerpy^^ 
(2.132(9),  2.127(9)A  versus  2.039(7)A).  This  could  be  due  Co  the  greater 
flexibility  of  MeMe'dpma  which  slloua  N2  or  N22  Co  move  out  and/or 
Che  superior  eleccron-donsting  ability  of  the  trans  hydroxide  in  (Ga(KeMe' 
dpm.iGi(OK))2Cf2'H20  versus  the  chloride  In  GaOf^cerpy.^^  A trans  effect 

Ga2-02  versus  2.009(9),  2.10n(10)A  fnr  GaOl  and  GB2-n2),  Che  Gal.-ni 


and  Ga2-02  distances  trans  to  82  and  N22  ore  shortened  very  signlf icently 
when  compared  to  Che  Gal-Ol  and  6a2-02'  trans  to  chloride.  This  la 
exactly  the  same  arrangement  of  distances  cbsc  oocum  in  GaCf^terpy. 

the  ligand  which  cllta  towards  the  long  galllun-oHygen  bridge  hand. 

The  Ga-Ci  distanced  ore  slag  quite  Long  (2.311(4)  and  (2.2g9(3)A)  compared 
to  Oa(blpy)jClj  (2.265(1)X),  butare  somawhat  shorter  than  Che  Ga-Ctl 
and  Ga-Cf.2  diecencae  found  in  GaCi^tetpy^^  (2.329(3)  and  2.403(2]X. 

Urge  for  (GaMeMe'dpmoCt  (OH)),Ct2'H,0(0.109X) . Chrcolum  (((gtyjjCrfOH)),)^^* 
end  copper  ((bipyCufOH))^,^^^  (tmenCu(OK)),^^^)  hydroxo-hridged  apeclee 


donors  bsing  trsns  to  the  bridging  hydroso  groups.  In  (r.oMoHs’dpma 
Che  esymstry  o£  Che  bridge  nsy  be  due  to  a trans  efface. 
However,  the  orientation  of  the  llgsod  touarde  01'  and  02’  could  also 
aocounc  for  the  long  Ga-01'  and  Ca-02'  distances. 

Figure  le  Is  a packing  dlagrea  for  this  oonpound  and  shows  the 
relationship  between  Che  cations  and  chloride  Ions  and  lattice  water. 
Hydrogen  bonds  appear  to  exist  batuaen  Che  hydroxo  bridges  and  the 
Ionic  chloride  Iona  (01-CM,  3.060(8)^!  02-C13,  3.156(8)^).  Hydrogen 
bonds  also  occur  between  lattice  water  and  Ionic  chloride  Iona  (C13-03 
3.174(13):  C13-03',  3.290(13):  angle  Ct3-03-Ct3’.  101. 2(3)*), 


[GaMeMeMpmsdtOHMjCtj 


CHAI’TEIt 


SUHHASV  OP  RESULTS 


a prepare  the  coiopounda  studied 
. of  golliuffldll)  chloride  with 


ligand  In  a suitable  solvent.  The  precipitation  of  sodium  chloride 

and  can  then  be  readily  isclsted  as  a pure  crystalline  sample.  With 
compounds  such  as  Gafacac)^,  the  shove  nerhod  provides  no  advantage 

is  far  superior.  The  ayntheels  of  Gafdetc}^  Is  a ease  in  point  since 

acetone.  However,  from  dry  acetonitrile-methanol,  the  reaction  of  GaCi- 
with  Hadetc  produced  a sample  of  Cafdecc)^  which  melted  sharply  and 

anhydrous  conditions  and,  therefore,  mlnlmiainR  hydrolysis.  The 

of  galliumdin  can  lead  to  unexpected  prcducts  such  ns  GaGi(2-HsoK).. 

The  discusslcns  of  the  structures  studied  is  this  work,  have 
emphasiaed  ererlc  effects  as  a major  if  not  the  controlling  factor  In 


ccfTtpQun<Js . Coupled 


cendepcy  of  the  metal  to  malntoie  approximate  electronaatrolicy  vhlch 
we  have  used  to  ratlopaliae  the  various  dlseortloaa  of  ligaada  in  a 
complex.  Of  Che  cen  galliumClll)  complexes  nou  reported,  nine  are 
dlsCorced  occahedrai  species.  This  la  not  aurprlaing 
:e  virtually  all  gal]ium<lll)  ccnpoimde  ace  four  or  six  coordinate. 

a flve^oocdinate  galliua<III)  complex  by  x-ray 
diffracclon.  We  hove  also  reported  the  first  ntnictuco  of  a hydcoxo- 
hridged  gallluRi(IIl)  apeclea.  This  may  provide  some  insight  Into  Che 
structural  factors  of  a host  of  gallluei(III)  and  alwminum(lll)  hydcoxo- 
bridged  species. 


The  nine  octahedral  and  ooe  trigonal  hlpyramidal  scruccures  of 
gollium(XII)  compounds  chat  have  been  reporced  all  concaln  Ga-Cl,  Ga-N 
and  Go-0  bonds  excope  GaCdeCc)^.  A llscing  of  the  Ca-H,  Ga-0  and  Ga-Ct 

fall  Inco  chree  distinct  ranges;  2.18  to  2.19X,  2,13  to  2.07A  and  2.06 
to  2.03^.  Seventeen  of  che  twenty-one  Gs-N  distances  fell  Into  Che 
centrel  range.  Those  distances  which  do  not  fall  Into  the  central 

occur  over  the  aeuiller  range, 2. 02  co  1.9oA,  If  one  neglects  Che  much 
shorter  five-coordinate  Ga-0  distances.  The  Ga-Cl  distance  for  occnhedral 
complaxea  vary  ftom  2.60  ta  2.23^,  which  is  only  slightly  more  chan 


surprising,  since  01  is  far  more  polarieehle  chan  R or  0,  Thle  alight 
variance  In  Ga-Ct  distances  may  he  due  to  the  similarity  of  donors  in  che 


A Aurtmar;  of  galLlua-nltrogen,  golllum-oxygen  ai 
chlorine  dlecances.  The  respeccive  diecancea  ai 
in  nLimecic  order.  The  llgend,  dlacance  (In  X) , 


quinoline  N 
pyrldyl  N 


Diacanee  Speclea  Treua  Llgaod 


2.188(a) 

2!i32(9) 

2.126(4) 

2.100(10) 

2.099(10) 

2.088(9) 

2.083(10) 


Oa(6-Heplc)3 
lOoMeHe’dpmaCKOH)],*''' 
iGaMeHc’dpiJieCKOH)!,^''' 
Ca (C-Meple)^ 

GaCl3Eerpv 

GabIpy2Cl2'^ 

GaCl3[:firpy 

GaCt(2-Meox)2 

CaCt(2^Ieoe)2 

Gafe-Heplc], 
[CaHeHe'dpneCKOH)!, 
[GaMeHe'dpmaCKOH)]'’-'- 
Cebipyjciy*  ^ 

[GaHe>le'dpBinCl(0H)]2^ 
joaMcHe ' dpsaCllOH) J 

64(plc)3 
Ga (plc)^ 

GaCijcerpy 


hydroxyl  0 

pyrldyl  B 


hydroxyl  0 


1.996(4) 

1.971(7) 

1.968(7) 

1.964(6) 

1.962(7) 

1.956(5) 

l.|55(4) 

^953(5) 


Go(Ccfacac)3 

Go(ccfacac)^ 

Ce(tcfecsc)^ 

Ga(tEfac^c)j 

Ba(plc),’ 

Go(plc)j 


Chleny]  ecac  0 

perfluoro  acac  0 
carboxylace  0 


carboxylace  0 
carboxylace  0 

hydroxyl  0 


95l<6) 

9*9(5) 

9*7(5) 


913(7) 

902(7) 


Ga(tcfacle)j 

Ca{6-Kep?o)3 

(:a(plc)3 

Ga(6-Meplc)3 

Ca(tCf9clc)3 

[GaMoMe'dpoaCKOIl)),^ 

(GaMeMe'clpBaCKOH)),^ 

Ga($-Mtpio)3 

CaCl(2-Hcox), 

GaCl(2-Keoa)2 


carboxylBte  0 
cblorlde 


) Calllun-Chloriae  DiaEancea 


235(3) 

190(2)* 


GoClj2-Hasx)2 


hydroxyl  0 


Che  ceepecclve  nlccogen  or  oxygeo  ligand  (Tlgure  L9)  ehov  thae  hoch 
Ga-0  and  Ga-H  dtacancea  ore  Invorianc  with  elecccon-donoclng  ablLlcy 

The  variability  of  Decal-chlorine  dlecanceo  versua  Decal-pyrldyl- 
nlcrogen  dlscancee  has  been  observed  In  zinc  coDploxce.^^^  Kennard 
has  accclbuced  this  co  eecal  dn  Co  ligand  a*  backbondlng.^^^  This  does 
not  seen  Co  be  che  case  ulcb  Che  gallluB(tll)  eyaten,  since  cerclscy 
SDino-nlcrogen  donors  (EDTA,  Helle'dpme]  hove  Ga-N  dlscancee  elmllar  Co 
Go-h  distances  oE  pyrldyl-nlcrogen  donors,  end  gsLlluD-pyrldyl-nlcrogen 
dlscancee  vary  over  a larger  range  chan  rlnc-pyrldyl-nlcrogen  dlscancee. 
This  elellarlcy  of  Ga-H  dlscancee  for  tertiary  aelne  and  pyrldyl-nlcrogea 
Uganda  nay  also  be  due  Co  che  sterlc  conscralncs  In  Che  cerciary  aeiine 


the  galllunflll}  syacem  ace  not  alwaya  eaally  aaaessed. 


Ligands  but  breaks  dovn  for  conplicaced  Uganda.  Th 
effect  observed  with  gaLlium(ni)  Is  che  so-called  " 
GaClj'cerpy  and  IGaHeMe'dpnaCKOIOlj^.  The  csuas  a 


Plots  of  galllQn-niCrogeii  and  galLlua-oxyaen  diatanca 
versus  ligand 


dlstrlbuclen  of  charge;  however,  further  study  is  required  to  underetand 

The  chenistry  of  galliuoi(IIl)  by  itself  esy  seen  esoteric^ 
however,  in  comparison  with  metals  of  similar  slse  and  charge  (high  spin 
IronCItl)  and  chroniuadZI)) . the  chenlstry  of  gsllluei  tekes  on  new 
significance.  Throughout  this  work,  we  have  pointed  out  slmillsrlciee 
between  Feilll),  Cr<III)  and  Ca(llt).  Prom  both  differences,  and  siellerltiee 
In  these  three  ions,  one  can.  perhaps,  assess  the  relative  contributions 
of  else,  charge  and  d orbitals  to  their  coordination  chemistries. 
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rotacion  axee  perpendicular  Co  soee  fecea. 


le  meCBl-llpand  dlecenee.  The  virtue  of  these  equations  is 
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S|)^e^c.  Scietel  snd  Bcowti'«  metlioJ  is  bssed  on  two  prsalses,^^* 

Dsmely  1)  the  two  chresCold  Escss  Biust  be  patsllel  sod  2]  the  metal 

these  conditions  ate  not  met,  the  anple  calculated  is  mennlnglees. 

Another  criclclau  of  Brown  and  StleEel'a  method  is  that  we  obtain  only 
one  twist  antle.  This  further  assumes  we  are  dealing  with  triangular 
facee  of  fixed  edge  S;  such  ideality  seems  to  be  asking  much  of  our 
imperfect  world! 

In  order  to  compare  twist  angles  for  various  compounds,  we  have 
calculated  the  twist  angle  Cor  each  ligand  pair.  Since  several  methoda 
for  caloulating  twist  angles  have  been  reported,  we  have  determined 
* in  the  following  six  ways:  1)  th-  acute  angle  between  planes  defined 
by  Ij,  centroid  1,  centroid  2 and  Ij'  centroid  1.  centroid  2 (see  Plgureimi 

on  face  1;  3)  the  angle  between  the  projection  of  metal-t^  and  netal-Lj^* 

metal  vectors  on  a plane  orthogonal  to  the  line-joining  the  two 
centroli.e:  5)  the  angle  between  the  projection  of  the  mecal-1,^  and 


octahedral  complexes. 


.8  ssndwlched.e.g. , ferrocene. 


profile  la  ehovn 


clearly  sbowa 


various  ligand  pairs 
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